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START
loop:m=0 to M-1

=g (m) =S,

loop:n=0 to N-1

OutDatalm] [n]=
InDatalm]i [n]>>S

loopend: n

loopend:m

FIG.7
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END

FIG.9
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APPARATUS AND METHOD FOR
DECODING

This 1s a continuation of application Ser. No. 10/221,267
filed Sep. 10, 2002, which 1s now a U.S. Pat. No. 6,734,810,
and 1s a related application of another continuation of
application Ser. No. 10/221,267 filed concurrently herewith
which 1s a national stage 371 PCT/JP02/00632 filed Jan. 29,
2002.

TECHNICAL FIELD

The present invention relates to an apparatus and method
for decoding.

BACKGROUND ART

A third-generation mobile communication system carries
out (1) RAKE combining processing, (2) physical channel
decoding processing and (3) transport channel decoding
processing, 1n that order, and then carries out error correct-
ing decoding processing. The RAKE combining processing
refers to processing of separating a received signal 1n which
preceding waveforms and delayed waveforms affected by
independent fading variations with different delay times 1n a
multipath transmission path are superimposed on one
another 1nto the preceding waveforms and delayed
waveforms, assigning weights to the waveforms with a
uniform delay time and performing a maximum-ratio com-
bining and 1t 1s intended to obtain a diversity effect. On the
other hand, the physical channel decoding processing refers
to processing of carrying out in-frame deinterleaving, etc. on
a signal for each RAKE-combined physical channel data
string and dividing the signal into transport channels. The
transport channel decoding processing is processing of car-
rying out deinterleaving, rate matching and error correcting
decoding on signals of divided transport channel data strings
over a plurality of frames.

For a radio communication system, it 1S important to
reduce decoding errors of a received signal to 1mprove
communication quality.

DISCLOSURE OF INVENTION

It 1s an object of the present mvention to provide a
decoding apparatus and decoding method capable of reduc-
ing decoding errors 1n a received signal in a third-generation
mobile communication system.

This object 1s attained by calculating a reference number
of shifts by averaging the number of shifts, adaptively fitting
the amplitude width of a data string to be normalized within
an clfective bit width and deciding a data rate with the
highest likelihood among a plurality of types of candidate
data rates as a correct data rate of demodulated data.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1illustrates restrictions on a bit length;

FIG. 2 illustrates an amplitude distribution when high
error correcting efficiency 1s provided;

FIG. 3 illustrates an example of time-amplitude response
of output data after RAKE combining processing;

FIG. 4 illustrates an amplitude distribution before nor-
malization of output data after the RAKE combining pro-
cessing 1n FIG. 3;

FIG. 5 illustrates an amplitude distribution after normal-
1zation by a conventional decoding apparatus;

FIG. 6 1s a block diagram showing a configuration of a
decoding apparatus according to Embodiment 1 of the
present mvention;
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2

FIG. 7 1s a flow chart of normalization processing of the
decoding apparatus according to Embodiment 1 of the
present 1nvention;

FIG. 8 1llustrates an amplitude distribution after normal-
1zation by the decoding apparatus according to Embodiment
1 of the present 1nvention;

FIG. 9 1s a flow chart of normalization processing of a
decoding apparatus according to Embodiment 2 of the
present 1nvention;

FIG. 10 1s a flow chart of normalization processing of a
decoding apparatus according to Embodiment 3 of the
present 1nvention;

FIG. 11 1s a flow chart of normalization processing of a
decoding apparatus according to Embodiment 4 of the
present 1nvention;

FIG. 12 1s a flow chart of normalization processing of a
decoding apparatus according to Embodiment 5 of the
present 1nvention;

FIG. 13 1s a flow chart of normalization processing of a
decoding apparatus according to Embodiment 6 of the
present 1nvention;

FIG. 14 1s a block diagram showing a configuration of a
decoding apparatus according to Embodiment 7 of the
present 1nvention;

FIG. 15 1s a block diagram showing a configuration of a
decoding apparatus according to Embodiment 8 of the
present 1nvention;

FIG. 16 1s a block diagram showing a configuration of a
decoding apparatus according to Embodiment 9 of the
present 1nvention;

FIG. 17 1s a block diagram showing a configuration of a
decoding apparatus according to Embodiment 10 of the
present 1nvention;

FIG. 18 1s a block diagram showing a configuration of a
decoding apparatus according to Embodiment 11 of the
present 1nvention;

FIG. 19 1s a block diagram showing a configuration of a
decoding apparatus according to Embodiment 12 of the
present 1nvention; and

FIG. 20 1illustrates an example of a parameter value of
cach channel detected by the decoding apparatus according
to Embodiment 12 of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

With reference now to the attached drawings, embodi-
ments of the present mnvention will be explained below.
(Embodiment 1)

Embodiment 1 will describe a decoding apparatus and
decoding method capable of preventing underflow even it
normalization processing 1s performed 1n a high-speed fad-
ing environment and demonstrating high error correcting
eficiency by adaptively fitting an amplitude width of data
string to be normalized within an effective bit width.

By the way, “normalization” refers to processing of
allowing a plurality of data strings expressed by different
indices to have a common index.

(1) RAKE combining processing, (2) physical channel
decoding processing and (3) transport channel decoding
processing differ from one another 1n the processing unit.
When Viterbi decoding or turbo decoding is performed for
error correcting decoding, if indices of a received data string
are not the same, an estimated probability density function
1s different from an actual signal distribution and likelihood
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between bits 1s not obtained correctly and thereby the error
correcting efficiency deteriorates. It 1s therefore necessary to
use a common processing unit (index) to prevent the error
correcting decoding performance from deteriorating.

That 1s, since the processing unit of RAKE combining
processing 1s a slot and the processing unit of physical
channel decoding processing i1s a frame, it 15 necessary to
normalize indices of the received data string in each slot
within a frame after RAKE combining processing and
before starting physical channel decoding processing.
Likewise, the processing unit of physical channel decoding
processing 1s a frame and the processing unit of transport
channel decoding processing i1s TTI (Transmit Time
Interval), and therefore, it 1s necessary to normalize indices
of the received data string in each frame between frames 1n
the TTI before starting transport channel decoding process-
ing. However, since the TTI 1s any one of 1, 2, 4 or 8 frames,
if the TTI 1s 1 frame, there 1s no need to perform normal-
1zation between frames.

By the way, mn-frame normalization should be performed
before m-frame deinterleaving. This 1s because after the
sequence of slot data strings 1s changed, 1t 1s necessary to
perform 1nefficient normalization processing such as storing,
the number of shifts for each piece of data. Likewise,
inter-frame normalization should be performed before inter-
frame deinterleaving.

Furthermore, a third-generation mobile communication
system performs error correcting decoding processing by
hardware or software with a limited bit length, and therefore
normalization processing 1s processing 1ndispensable when
there are restrictions on the bit length. Restrictions on the bit
length are 1mposed by extracting part of a received data
string that corresponds to a predetermined bit position.

FIG. 1 1llustrates restrictions on a bit length. FIG. 1 shows
a case where the bit length of data expressed with 16 bits 1s
restricted to 8 bits.

When a maximum amplitude 1s large, the extraction
position 1s shifted upward (toward a higher value) with
respect to the position of the decimal point. For example, 1n
the case of FIG. 1, the number of shifts S 1s 3 and a code bit
(B mm FIG. 1), 5 digits of the integral part, 2 digits of the
decimal part (+31.75 to -32.0) are extracted. On the
contrary, when the maximum amplitude 1s small, the extrac-
tion position 1s shifted downward with respect to the posi-
tion of the decimal point. For example, in the case of FIG.
1, the number of shifts S 1s 5 and a code bit, 3 digits of the
integral part, 4 digits of the decimal part (+7.9325 to -8.0)
are extracted.

FIG. 2 1llustrates a case where the bit length of output data
after RAKE combining processing is restricted to 8 bits after
normalization and shows an amplitude distribution when
high error correcting efficiency 1s provided. In FIG. 2, the
horizontal axis expresses an amplitude value and the vertical
ax1s expresses an amount of distribution. As shown 1n FIG.
2, 1n the case where normalization 1s performed and the bit
length 1s restricted to 8 bits, an amplitude distribution when
the error correcting efficiency 1s high shows a normal
distribution with the amount of distribution reaching a
maximum at amplitude values of “~127” and “+127” and the
amount of distribution reaching nearly 0 at an amplitude
value of “07.

FIG. 3 illustrates an example of time-amplitude response
of output data after RAKE combining processing and shows
a case where an amplitude value at timing t1 1s extremely
larger than amplitude values at other timings. FIG. 4 1llus-
trates an amplitude distribution before normalization of
output data after the RAKE combining processing in FIG. 3.
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If normalization 1s performed based on the maximum
amplitude and bit length 1s restricted here, most of the slot
data at timings other than t1 in the case of FIG. 3 results in
underflow (becomes 0 as a soft decision value). Thus,
normalizing this will cause the amount of distribution at an
amplitude value of “0” to reach a maximum as shown 1n the
amplitude distribution in FIG. §, resulting in deterioration of
error correcting efficiency.

Such a state occurs 1n a fading environment and occurs
more frequently as the moving speed increases and a Dop-
pler frequency increases. Thus, a BER (Bit Error Rate)
characteristic 1n a fading environment deteriorates
significantly, the communication quality deteriorates and a
communication 1s cut off suddenly in the worst case.

Thus, this embodiment will describe a decoding apparatus
and decoding method of calculating a reference number of
shifts by averaging the number of shifts, adaptively fitting
the amplitude width of a data string to be normalized within
an effective bit width and thereby preventing underflow even
if normalization processing 1s applied 1n a high-speed fading
environment and demonstrating high error correcting effi-
ciency. This embodiment focuses attention on the fact even
if overtlow occurs in areas where amplitude values are
extremely larger than others, the error correcting efficiency
1s not affected significantly.

FIG. 6 1s a block diagram showing a configuration of a
decoding apparatus according to Embodiment 1 of the
present 1vention.

RAKE combining section 101 1s fed received data sub-
jected to despreading, carries out RAKE combining, restricts
the RAKE-combined data to a predetermined bit width,
writes the data into data memory 102 and writes the number
of shifts when restricting the bit length i1nto shift count
memory 103.

Data memory 102 stores the RAKE-combined data slot by
slot. Shift count memory 103 stores the number of shifts in
cach slot corresponding to the RAKE-combined data.

Reference shift count calculation section 104 averages the
number of shifts stored 1 shift count memory 103 to
calculate a first reference shift count. An operation of
reference shift count calculation section 104 will be
explammed 1n more detail later.

Normalization section 105 normalizes the RAKE-
combined data stored in data memory 102 within a frame
based on the number of shifts stored 1n shift count memory
103 and the first reference shift count. An operation of
normalization section 105 will be explained 1n more detail
later.

Deinterleaver 106 carries out in-frame deinterleaving, etc.
on the data normalized by normalization section 1035,
divides the data into transport channels and writes the data
into data memory 107.

Data memory 107 stores the data divided into transport
channels frame by frame. Shift count memory 108 stores the
first reference shift count as the shift count of the relevant
frame.

Reference shift count calculation section 109 averages the
shift count stored in shift count memory 108 to calculate a
second reference shift count. Normalization section 110
normalizes the data for every transport channel stored in
data memory 107 within a TTI based on the number of shifts
stored 1n shift count memory 108 and the second reference
shift count.

Error correcting decoding section 111 carries out inter-
frame deinterleaving, rate matching and error correcting
decoding, etc. on the data normalized by normalization
section 110.
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Then, an operation of reference shift count calculation
section 104 will be explained 1n more detail.

Assuming that the number of slot shifts is s(m){m=0 to
number of physical channelsxnumber of slots -1}, reference
shift count calculation section 104 averages the shift count

in the following steps (1) to (6) to calculate first reference
shift count S1.

(1) S1=0

(2) m=0

(3) S1=S1+s(m)

(4) m=m+1

(5) Steps (3) and (4) are repeated until m=number of
physical channelsxnumber of slots.

(6) S1=S1/(number of physical channelsxnumber of
slots): (all digits to the right of the decimal point are rounded
up)

Reference shift count calculation section 109 also aver-
ages the shift count and calculates a second reference shift
count S2 through the same operation as that of above-
described reference shift count calculation section 104. In
this case, (number of physical channelsxnumber of slots) is
read as TTI/10 of a transport channel.

In (6) above, all digits to the right of the decimal point are
rounded up, but 1t 1s also possible to discard all digits to the
right of the decimal point.

Then, an operation of normalization section 105 will be
explained 1n detail.

Normalization section 105 generates output data string
Out Datajm][n] through the flow shown in FIG. 7 using
input data string In Data|m |[n ], shift count s|m] of each slot
stored 1n shift count memory 103 and first reference shaft
count S1. By the way, N denotes a data count in one slot and
M denotes (number of physical channelsxnumber of slots) in
FIG. 7.

BY operating according to the flow 1 FIG. 7, normaliza-
tion section 105 carries out a right shift on input data string
In Datajm][n] by a value obtained by subtracting first
reference shift count S1 from shift count sfm] of each slot,
and can thereby generate output data string Out Data/m | n].

By the way, normalization section 110 also generates
output data string Out Data|m | n] through the same opera-
tion as that of above-described normalization section 103. In
this case, (number of physical channelsxnumber of slots) is
read as TTI/10 of a transport channel.

FIG. 8 1llustrates an amplitude distribution when a refer-
ence shift count 1s calculated by averaging a shift count,
which shows a normal distribution where the amount of
distribution reaches a maximum at an average value of
amplitude values and the amount of distribution becomes
almost 0 at an amplitude value of “0”.

Thus, by averaging the shift count to calculate a reference
shift count, 1t 1s possible to adaptively fit the amplitude
width of a data string to be normalized within an effective bit
width, thus preventing extreme underflow from occurring in
a high-speed fading environment, effectively maintaining
likelihood of the data string and enhancing error correcting
cficiency. By the way, averaging a shift count to calculate
a reference shift count causes overflow 1n areas where
amplitude values are extremely larger than others, but does
not cause any considerable effect on the error correcting
cfiiciency.

(Embodiment 2)

Embodiment 2 will give a detailed explanation of an
operation of normalization section 105 that 1s different from
Embodiment 1.

Normalization section 105 generates output data string
Out Datajm][n] through the flow shown in FIG. 9 using

10

15

20

25

30

35

40

45

50

55

60

65

6

input data string In Data| m | n], shift count sfm] of each slot
stored 1n shift count memory 103 and first reference shift
count S1. By the way, N denotes a data count in one slot and
M denotes (number of physical channelsxnumber of slots) in
FIG. 9.

BY operating according to the flow 1n FIG. 9, normaliza-
tion section 105 carries out a right shift on input data string
In Datalm | n] by % of a value obtained by subtracting first
reference shift count S1 from shift count sfm] of each slot,
and can thereby generate output data string Out Data[m | n].

This makes 1t possible to increase the probability of
avolding overflow compared to Embodiment 1.

By the way, normalization section 110 also generates
output data string Out Data|m][n] through the same opera-
tion as that of above-described normalization section 103. In
this case, (number of physical channelsxnumber of slots) is
read as TTI/10 of a transport channel.

(Embodiment 3)

Embodiment 3 will give a detailled explanation of an
operation of normalization section 105 that 1s different from
Embodiments 1 and 2.

Normalization section 105 generates output data string,
Out Datalm]n] through the flow shown in FIG. 10 using
input data string In Data| m | n], shift count sfm] of each slot
stored 1n shift count memory 103 and first reference shaft
count S1. By the way, N denotes a data count 1n one slot and
M denotes (number of physical channelsxnumber of slots) in
FIG. 10.

BY operating according to the flow 1n FIG. 10, normal-
1zation section 105 carries out a right shift on 1nput data
string In Datalm]n] by S/2 when value S obtained by
subtracting first reference shift count S1 from shift count
sim] of each slot is 0 or greater, and can thereby generate
output data string Out Data|m][n]. Furthermore, normaliza-
tion section 105 carries out a right shift on input data string
In Datalm]In]| by S when value S obtained by subtracting
first reference shift count S1 from shift count sfm] of each
slot 1s negative, and can thereby generate output data string
Out Data|m | n].

This makes it possible to drastically increase the prob-
ability of avoiding undertlow compared to Embodiment 1.

By the way, normalization section 110 also generates
output data string Out Data|m][n] through the same opera-
tion as that of above-described normalization section 103. In
this case, (number of physical channelsxnumber of slots) is
read as TTI/10 of a transport channel.

(Embodiment 4)

Embodiment 4 will give a detailled explanation of an
operation of normalization section 105 that 1s different from
Embodiments 1 to 3.

Normalization section 105 generates output data string,
Out Datalm]n] through the flow shown in FIG. 11 using
input data string In Data| m | n], shift count sfm] of each slot
stored 1n shift count memory 103 and first reference shift
count S1. By the way, N denotes a data count 1n one slot and
M denotes (number of physical channelsxnumber of slots) in
FIG. 11.

BY operating according to the flow in FIG. 11, normal-
1zation section 103 sets the shift count of 1input data string In
Datajm|[n] to O when value S obtained by subtracting first
reference shift count S1 from shift count s|m | of each slot is
O or greater, and can thereby generate output data string Out
Data|m|[n]. Furthermore, normalization section 105 carries
out a right shift on input data string In Datajm|n] by S/2
when value S obtained by subtracting first reference shift
count S1 from shift count sfm] of each slot is negative, and
can thereby generate output data string Out Datajm |[n].
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This makes 1t possible to drastically increase the prob-
ability of avoiding underflow and overflow compared to
Embodiment 1.

By the way, normalization section 100 also generates
output data string Out Data|m | n] through the same opera-
fion as that of above-described normalization section 105. In
this case, (number of physical channelsxnumber of slots) is
read as TTI/10 of a transport channel.

(Embodiment 5)

Embodiment 5 will give a detailed explanation of an
operation of normalization section 105 that 1s different from
Embodiments 1 to 4.

Normalization section 105 generates output data string
Out Data|m]n] through the flow shown in FIG. 12 using
input data string In Data|m |[n ], shift count s|m] of each slot
stored 1n shift count memory 103 and first reference shift
count S1. By the way, N denotes a data count in one slot and
M denotes (number of physical channelsxnumber of slots) in
FIG. 12.

BY operating according to the flow i FIG. 12, normal-
1zation section 105 carries out a right shift on 1nput data
string In Datalm]In] by S/2 when value S obtained by
subtracting first reference shift count S1 from shift count
s|m] of each slot is ¥z of effective bit width X or greater, and
can thereby generate output data string Out Data]m | n].

This produces the effect of avoiding undertflow in addition
to the effect in Embodiment 1.

By the way, normalization section 110 also generates
output data string Out Data|m | n] through the same opera-
fion as that of above-described normalization section 105. In
this case, (number of physical channelsxnumber of slots) is
read as TTI/10 of a transport channel.

(Embodiment 6)

Embodiment 6 will give a detailed explanation of an
operation of normalization section 105 that 1s different from
Embodiments 1 to 5.

Normalization section 105 generates output data string,
Out Data|m]n] through the flow shown in FIG. 13 using
input data string In Data|m |[n ], shift count s|m] of each slot
stored 1n shift count memory 103, first reference shift count
S1 and effective bit width X. By the way, N denotes a data
count in one slot and M denotes (number of physical
channelsxnumber of slots) in FIG. 13.

BY operating according to the flow 1 FIG. 13, normal-
1zation section 103 sets the shift count of 1input data string In
Datajm|[n] to O when value S obtained by subtracting first
reference shift count S1 from shift count s|m] of each slot is
15 of effective bit width X or greater, and can thereby
generate output data string Out Datajm|[n]. Furthermore,
normalization section 105 carries out a right shift on input
data string In Datajm|[n] by S/2 when value S obtained by
subtracting first reference shift count S1 from shift count
s|m] of each slot is smaller than Y of effective bit width X,
and can thereby generate output data string Out Datajm |[n].

This produces the effect of avoiding underflow and over-
flow 1n addition to the effect in Embodiment 1.

By the way, normalization section 110 also generates
output data string Out Data|m | n] through the same opera-
fion as that of above-described normalization section 105. In
this case, (number of physical channelsxnumber of slots) is
read as TTI/10 of a transport channel.

(Embodiment 7)

Here, there 1s a proposal for a third-generation mobile
communication system using a CDMA system to perform
variable rate transmissions making a data rate variable in
TTI units. In this case, there 1s a proposal that a decoding
apparatus on the receiver side should decide a data rate
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without using data rate identification information such as
TFCI (Transport Format Combination Indicator), etc., or
make a so-called blind data rate decision (Blind Transport
Format Detection; hereinafter referred to as “BTFD”).

By the way, the transmitter side sends error correcting
coded data divided into frames corresponding to 1 TTI.
Thus, TTI becomes the unit for carrying out error correcting
decoding on data.

In a variable rate transmission on voice data proposed 1n
a third-generation mobile communication system using a
CDMA system, a difference between transmission rates 1s
very small (difference on the order of several bits to several
tens of bits per one block). For this reason, when a data rate
1s decided according to the number of errors of hard decision
symbols, errors 1n only a few bits that have occurred 1n the
propagation path may cause the number of normalized
symbol errors to become equal among a plurality of trans-
mission rates, making it impossible to decide the data rate.

Furthermore, in a mobile communication system, varia-
fions 1n the amplitude of a radio signal are expected to
increase due to mnfluences of fading. Since symbols with a
reduced amplitude (lowered likelihood) under the great
influence of fading 1s more likely to have errors in hard
decision results, if a data rate 1s decided according to the
number of hard decision symbol errors, the error decision
rate of the data rate may increase. When the data rate 1s
wrongly decided, data 1s decoded at a wrong data rate, and
therefore all data of TTT whose data rate has been wrongly
decided may be decoded erroneously, deteriorating the error
rate characteristic of received data significantly.

Furthermore, when the data rate 1s decided according to
the number of hard decision symbol errors, all Viterbi-
decoded data 1s recoded independently of the coding system,
and therefore there 1s a problem that the amount of process-
ing and power consumption required for data rate decision
will increase.

Thus, Embodiment 7 will describe a decoding apparatus
and decoding method that calculate likelihood of each data
rate using demodulated data and decoded data obtained by
decoding the demodulated data at a plurality of types of
candidate data rates, decide the data rate with the highest
likelithood as the correct data rate of the demodulated data,
and can thereby decide a data rate with the likelihood of the
demodulated data taken into consideration, improve the
accuracy of data rate decision and thereby reduce the
amount of processing and power consumption required for
data rate decision. This embodiment takes note of the fact
that demodulated data atter demodulation and before decod-
ing 1s a soft decision value and 1t 1s possible to calculate
likelihood of each data rate to be a candidate using this soft
decision value.

FIG. 14 1s a block diagram showing a configuration of a
decoding apparatus according to Embodiment 7 of the
present invention. The decoding apparatus shown 1n FIG. 14
1s mounted on, for example, a communication terminal
apparatus such as cellular phone used 1n a mobile commu-
nication system. This communication terminal apparatus
performs radio communications according to a CDMA
system, for example.

In this embodiment, suppose data sent from the other end
of communication 1s data “0” or “1” subjected to error
correcting coding at a predetermined code rate and prede-
termined constraint length (assumed to be convolutional
coding here), subjected to interleaving, etc. and then spread
and modulated, converted to “1” or “-1" respectively and
sent. Furthermore, suppose the data rate of data to be sent 1s
selected 1n such a way that one data rate from among M
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types of data rates i1s selected m TTI units before error
correcting coding of data.

In the decoding apparatus shown 1n FIG. 14, demodulated
data storage section 201 stores demodulated data in TTI
units. The demodulated data here 1s data after a series of
demodulation processing such as despreading, RAKE
combining, deinterleaving and before error correcting
decoding, and therefore the demodulated data becomes data
of a soft decision value in a range of —X to X (X: maximum
value that the data can take on after completing processing,
immediately before error correcting decoding).
Furthermore, the value of X 1s determined by the apparatus
configuration before demodulated data storage section 201.

Error correcting decoding section 202 performs error
correcting decoding on the demodulated data stored 1n
demodulated data storage section 201 at each of M types of
candidate data rates based on a Viterbi1 algorithm, for
example. Then, when decoding corresponding to 1 TTI 1s
completed, error correcting decoding section 202 outputs
1-T'TT decoded data together with information indicating the
data rate during decoding (hereinafter referred to as “data
rate information™) to CRC section 203.

CRC section 203 performs error detection on each piece
of the decoded data with M types of data rates in TTI units
using error detection codes such as CRC codes added to the
decoded data for each transport block. Then, CRC section
203 outputs only the 1-TTT decoded data where no error has
been detected together with the data rate information and
CRC result (that 1s, “0” indicating that no error has been
detected) to decoded data storage section 204.

Here, when a plurality of transport blocks 1s included in
1 TTI (that 1s, decoding unit), CRC section 203 carries out
error detection on the 1-TTI decoded data according to the
error detection result of predetermined one or a plurality of
transport blocks out of a plurality of transport blocks

included in 1 TTI.
That 1s, 1) CRC section 203 decides that all 1-TTI
decoded data contains errors when error detection 1s carried

out only on the last transport block of a plurality of transport
blocks 1ncluded 1n 1 TTT and an error 1s detected 1n the last
transport block. 2) CRC section 203 decides that all 1-TTI
decoded data contains errors when errors are detected 1n
more than half of a plurality of transport blocks included 1n
1 TTI. 3) CRC section 203 decides that all 1-TTI decoded
data contains errors when errors are detected 1n more than
half of a plurality of transport blocks included in 1 T'TT and
an error 1s detected 1n the last transport block.

When error correcting decoding section 202 carries out
error correcting decoding based on a Viterb1 algorithm, 1t 1s
preferable to use the method in 1) above. This is because the
Viterbi algorithm 1s characterized in that data in the end
section of 1-TTI data string has higher decoding accuracy
than data in the leading section, that 1s, the error detection
result of decoded data 1n the end section has higher reliabil-
ity. In this case, it 1s possible to increase the error decision
reliability by making an error decision on the 1-TTI decoded
data using the error detection result on the last transport
block and thereby improve the reliability of error decision.
Furthermore, it 1s only necessary to perform error detection
on the last transport block in this case, and therefore 1t 1s
possible to reduce the number of times error detection 1s
performed.

Furthermore, according to error detection (CRC) specified
by a third-generation mobile communication standard
(3GPP), even an error in 1 bit of data contained in a transport
block may cause an error to be detected in the transport
block or on the contrary, even 1f most bits contain errors, no
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error may be detected in the transport block. Therefore,
making an error decision on the 1-TTI decoded data accord-
ing to the error detection result of a plurality of transport
blocks as in the method in 2) above makes it possible to
improve the reliability of error decision. Or combining 1)
and 2) above as in the case of the method in 3) above can
further improve the reliability of error decision when error
correcting decoding section 202 carries out error correcting
decoding based on the Viterb1 algorithm.

Decoded data storage section 204 stores the decoded data
in which no error 1s detected by CRC section 203 together
with the data rate information of the decoded data and CRC
result in T'TT units for every data rate. Furthermore, decoded
data storage section 204 outputs the 1-TTI decoded data
corresponding to the data rate decided by data rate decision
section 208, which will be described later, together with the
CRC result.

Coding section 205 recodes decoded data stored in
decoded data storage section 204 at the same code rate and
with the same constraint length used for convolutional
coding carried out on the other end of communication. In
this case, coding section 205 recodes each decoded data
piece at the data rate indicated by the data rate information.
Recoded data “0” or “1” 1s output to data conversion section
206 together with the data rate information 1n TTI unaits.

Data conversion section 206 converts data “0” to “1” and
data “1” to “—1" output from coding section 205 according
to the data modulation (data “0” is converted to “1” and data
“1” converted to “-17) carried out on the other end of
communication. Sum-of-product calculation section 207
multiplies the data output from data conversion section 206
by the demodulated data (soft decision value) stored in
demodulated data storage section 201, and then sums up the
products for 1 TTI and stores the sum-of-product result for
cach data rate.

Data rate decision section 208 detects the maximum value
of the sum-of-product result from among the sum-of-product
results obtained at sum-of-product calculation section 207
and decides the data rate corresponding to the maximum
value of the sum-of-product result as the data rate of the
demodulated data. Then, data rate decision section 208
outputs the data rate control signal indicating the decided
data rate to decoded data storage section 204.

Then, an operation of the decoding apparatus in the
above-described configuration will be explained.

Error correcting decoding section 202 carries out error
correcting decoding on the data stored mn decoded data
storage section 201 at all M types of candidate data rates.
The decoded data subjected to error correcting decoding at
M types of data rates 1s output to CRC section 203 together
with the data rate information 1n TTI units for error detec-
tion. Of the decoded data with M types of data rates, only
decoded data at N (N=M) types of data rates free of errors
1s stored 1n decoded data storage section 204 together with
data rate imformation and CRC result and decoded data
containing errors 1s discarded.

Here, this embodiment assumes the results of decoding
the demodulated data at their respective data rates (in which
no error 1s detected by error detection) as correct decoded
data. Then, assuming that the most likely data out of the
decoded data, which has been assumed to be correct decoded
data, as the data decoded at a correct data rate, this embodi-
ment decides the data rate.

Furthermore, as described above, the demodulated data 1s
a soft decision value in the range of —X to X. At this time,
the probability that the demodulated data will be decoded
correctly increases as the soft decision value comes closer to
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-X or X and decreases as the soft decision value comes
closer to 0. That 1s, the probability that the demodulated data
will be decoded correctly increases as the absolute value of
a soft decision value 1ncreases. Thus, this embodiment
calculates likelihood (degree of certainty) of a data rate
using this soft decision value and decides the data rate of the
demodulated data based on the level of the likelihood.

That 1s, coding section 203 recodes the decoded data with
M types of data rates stored 1n decoded data storage section
204 at a data rate indicated by data rate information of each
decoded data piece. Recoding 1s performed 1n descending
order of data rates, for example. Recoded data “0” or “1” 1s
output to data conversion section 206 together with data rate
information in TTT units.

Data conversion section 206 converts data “0” to “1” and
data “1” to “=1”. The converted data 1s output to sum-of-
product calculation section 207 together with the data rate
information 1n TTI units.

Sum-of-product calculation section 207 multiplies the
data (hereinafter referred to as “converted data) output
from data conversion section 206 by the demodulated data
(soft decision value) stored in demodulated data storage
section 201 among the corresponding symbols, and then
sums up the products for symbols corresponding in number
to the respective data rates.

Since the number of symbols mcluded in 1 TTT at each
data rate 1s predetermined, sum-of-product calculation sec-
tion 207 divides the sum-of-product result of summing up
products for symbols corresponding in number to the respec-
five data rates by the number of symbols and thereby
normalizes the sum-of-product result at the respective data
rates. The normalized sum-of-product results are stored 1n a
memory of sum-of-product calculation section 207 accord-
ing to the respective data rates.

Here, when the sign (positive or negative) of the con-
verted data matches the sign (positive or negative) of the
demodulated data, the product of these data becomes a
positive value and when these signs do not match, the
product of those data becomes a negative value.
Furthermore, the absolute value of the product 1s propor-
tional to the absolute value of the soft decision value.
Theretfore, the greater the number of symbols 1n which the
sign of the soft decision value matches the sign of the
converted data, the greater the normalized sum-of-product
becomes, and the greater the absolute value of a soft
decision value when the signs match, the greater the nor-
malized sum-of-product becomes. That 1s, the normalized
sum-of-product 1s equivalent to relative energy of likelihood
between decoded data pieces which have been decoded at
their respective data rates.

The greater the value of the normalized sum-of-product,
the higher the likelihood of the data rate i1s considered.
Therefore, data rate decision section 208 detects the maxi-
mum value of the sum-of-product result from among the
sum-of-product results stored 1 the memory of sum-of-
product calculation section 207 and decides the data rate
corresponding to the maximum value as the data rate of the
demodulated data. Then, a data rate control signal indicating
the decided data rate 1s output to decoded data storage
section 204.

Then, decoded data storage section 204 outputs the 1-TTI
decoded data corresponding to the data rate decided by
decision section 208 together with the CRC result.

Thus, this embodiment calculates likelihood of each data
rate using a soft decision value and decoded data, decides
the data rate with the highest likelihood as a correct data rate,
and can thereby decide the data rate with the likelihood of
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demodulated data taken into consideration and drastically
reduce the probability that the data rate will be erroneously
decided.

Furthermore, decoded data in which errors are detected by
error detection such as CRC 1s discarded and 1s not subjected
to data rate decision processing such as recoding and sum-
of-product calculation. This makes 1t possible to narrow
down the range of candidate data rates before carrying out
data rate decision processing and thereby reduce an average
amount of processing and average power consumption
required for data rate decision.

This embodiment has described the case where data sent
from the other end of communication i1s convolutional-coded
data. However, even when the data sent from the other end
of communication 1s coded according to any coding system
other than convolutional coding, if error correcting decoding
section 202 performs decoding according to a decoding
system corresponding to the coding system on the other end
of communication and coding section 205 performs recod-
ing according to the coding system on the other end of
communication, it 1s possible to make a data rate decision in
the same way as described above. For example, when the
data sent from the other end of communication 1s turbo-
coded, 1f error correcting decoding section 202 performs
turbo decoding and coding section 205 performs recoding
using turbo codes, 1t 1s possible to make a data rate decision
in the same way as described above.

Furthermore, this embodiment has described normaliza-
tion processing carried out by sum-of-product calculation
section 207 as processing of dividing the sum-of-product
result resulting from summing up products for symbols
corresponding 1n number to the respective data rates by the
number of symbols. However, 1t 1s also possible to carry out
normalization processing by calculating a least common
denominator among symbols corresponding in number to
the respective data rates, dividing the least common denomi-
nator by the number of symbols corresponding to the
respective data rates and multiplying the sum-of-product
result resulting from summing up products for symbols
corresponding 1n number to the respective data rates by the
division results. Furthermore, 1t 1s also possible to carry out
normalization processing by calculating a greatest common
divisor among symbols corresponding in number to the
respective data rates, dividing the number of symbols cor-
responding to the respective data rates by the greatest
common divisor and dividing the sum-of-product result
resulting from summing up products for symbols corre-
sponding 1n number to the respective data rates.

Furthermore, this embodiment can also be constructed 1n
such a way that sum-of-product calculation section 207
multiplies the sum-of-product result by a predetermined
coefficient or multiplies the sum-of-product result by a
constant by applying a shift operation to the sum-of-product
result, etc. to carry out normalization. Thus, by multiplying
the sum-of-product result by a constant, even 1f the sum-
of-product result becomes a very small value, 1t 1s possible
to prevent underflow from occurring 1n the sum-of-product
result after normalization.

(Embodiment §)

This embodiment will describe a case where demodulated
data is organizing-coded (e.g., turbo-coded) data.

When demodulated data 1s an organizing-code such as
turbo code, the demodulated data 1s composed of informa-
tion bits and coding bits, which can be easily separated. That
1s, bits 1n the demodulated data can be distinguished between
information bits to be decoded as decoded data and coding
bits to be added to correct errors in the mmformation bits.
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Thus, this embodiment decides data rates according to the
result of a sum of products of information bits extracted
from demodulated data and decoded data which 1s not to be
recoded. When demodulated data 1s an organizing code, this
makes 1t possible to decide data rates without carrying out
recoding processing on decoded data and thereby drastically
shorten a processing time required for data rate decision.

FIG. 15 1s a block diagram showing a configuration of a
decoding apparatus according to Embodiment 8 of the
present invention. As shown in this figure,when compared to
the decoding apparatus shown in FIG. 14, the decoding
apparatus according to this embodiment 1s constructed with-
out coding section 205 for recoding decoded data but
including information bit extraction section 301 that extracts
information bits from demodulated data. The same compo-
nents 1 FIG. 15 as those 1n FIG. 14 are assigned the same
reference numerals and detailed explanations thereof will be
omitted.

In FIG. 15, demodulated data mput to demodulated data
storage section 201 1s an organizing code such as turbo code.
Information bit extraction section 301 extracts only infor-
mation bits from the demodulated data stored 1n demodu-
lated data storage section 201 and outputs to sum-of-product
calculation section 207. Data conversion section 204 con-
verts data “0” stored in decoded data storage section 204 to
“1” and data “1” to “-1” and outputs to sum-of-product
calculation section 207.

Sum-of-product calculation section 207 obtains the result
of a sum of products of data output from data conversion
section 206 and information bits output from imnformation bit
extraction section 301 for each of N types of candidate data
rates. The sum-of-product result 1s normalized as in the case
of Embodiment 7.

Data rate decision section 208 detects the maximum value
of the sum-of-product result from among the sum-of-product
results and decides the data rate corresponding to the maxi-
mum value of the sum-of-product result as the data rate of
the demodulated data. Then, a data rate control signal
indicating the decided data rate 1s output to decoded data
storage section 204.

Thus, when demodulated data 1s an organizing code, this
embodiment decides the data rate according to the sum-of-
product result of the information bits extracted from the
demodulated data and decoded data which 1s not to be
recoded, and can thereby eliminate the need for recoding
processing which would involve a very large amount of
calculation. Thus, compared to Embodiment /7, this embodi-
ment can further reduce the amount of processing and power
consumption required for data rate decision.

(Embodiment 9)

Since Embodiment 7 above decides data rates only tar-
geted at decoded data in which no error 1s detected, 1t errors
are detected 1n all M types of candidate data rates due to
influences of deterioration of channel situations, etc., no
decision 1s made on the data rate of the demodulated data.

If a voice communication exists (that 1s, when demodu-
lated data is voice data), the voice data is reproduced
according to the data rate decided by a decoding apparatus.
For this reason, when no data rate 1s decided, it 1s no longer
possible to reproduce the 1-TTI voice data, producing a
silent segment.

On the other hand, when the demodulated data 1s voice
data, even when errors are detected 1 all M types of
candidate data rates, if the degree of those errors 1s relatively
small, 1t 1s possible to reproduce the voice correctly to a
certain degree using a voice decoding method such as AMR
(Adaptive Multi Rate) if it is at least possible to decide the
most likely data rate.
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Thus, even when errors are detected 1n decoded data at all
candidate data rates, this embodiment carries out data deci-
sion processing targeted at the decoded data in which errors
are detected, and thereby decides the most likely data rate.

FIG. 16 1s a block diagram showing a configuration of a
decoding apparatus according to Embodiment 9 of the
present mvention. As shown 1n this figure, when compared
to the decoding apparatus shown in FIG. 14, the decoding
apparatus according to this embodiment i1s constructed by
additionally including error counting section 401 that counts
the number of decoded data pieces in which errors are
detected by CRC section 203 out of the decoded data with
M types of candidate data rates. By the way, the same
components 1n FIG. 16 as those 1n FIG. 14 are assigned the
same reference numerals as those 1 FIG. 14 and detailed
explanations thereof will be omitted.

In FIG. 16, CRC section 203 performs error detection on
cach piece of the decoded data with M types of data rates in
TTI units using error detection codes such as CRC codes
added to the decoded data. Then, CRC section 203 outputs
1-T'TT decoded data together with the data rate information
and CRC result (that is, “0” indicating that no error has been
detected or “1” indicating that some error has been detected)
to decoded data storage section 204 and error counting
section 401.

Error counting section 401 counts the number of decoded
data pieces 1n which errors are detected by CRC section 203.
That 1s, error counting section 401 counts the number of
times “1” 1s output from among the CRC results output from
CRC section 203.

Then, when the number of times “1” 1s output reaches M,
which 1s the number of candidate data rates, error counting
section 401 instructs decoded data storage section 204 to
output all decoded data of M types of candidate data rates to
coding section 204. That 1s, when errors are detected 1n all
M types of candidate data rates, subsequent data rate deci-
sion processing will be carried out targeted at all decoded
data pieces with errors.

Thus, even when errors are detected in all M types of
candidate data rates, the most likely data rate 1s decided out
of M types of candidate data rates. In other words, 1t 1s
possible to prevent data rates of demodulated data from not
being decided.

On the other hand, when the number of times “1” 1s output
1s smaller than M, which 1s the number of candidate data
rates, error counting section 401 instructs decoded data
storage section 204 to discard decoded data in which errors
are detected and output only decoded data 1n which no error
1s detected to coding section 204. That 1s, when at least one
of decoded data with M types of candidate data rates
contains no error, the subsequent data rate decision process-
ing 1s carried out 1n the same way as Embodiment 7.

Thus, even when errors are detected 1n decoded data with
all candidate data rates, this embodiment decides the most
likely data rate using the decoded data 1n which errors are
detected, and therefore this embodiment can prevent a data
irreproducible period from occurring 1n a communication 1n
which there 1s a certain degree of tolerance for errors in
decoded data (e.g., voice communication).

By the way, error counting section 401 1n this embodi-
ment may also count the number of times “0” 1s output from
among the CRC results output from CRC section 203. In this
case, when the number of times “0” 1s output 1s 0, error
counting section 401 instructs decoded data storage section
204 to output all decoded data of M types of candidate data
rates to coding section 204, and when the number of times
“0” 1s output 1s 1 or more, error counting section 401
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instructs decoded data storage section 204 to discard
decoded data with errors and output only decoded data
without errors to coding section 204.

(Embodiment 10)

In a CRC carried out at CRC section 203, there are cases
where even 1 bit of decoded data has an error, an error 1s
detected 1n the decoded data or on the contrary, when most
bits of the decoded data have errors, no error 1s detected 1n
the decoded data. That 1s, decoded data 1n which no error 1s
detected has a higher error rate than decoded data in which
some errors are detected.

In such a case, when data rate decision 1s performed only
targeted at decoded data 1n which no error 1s detected as 1n
the case of Embodiment 7, the data rate of the decoded data
with a higher error rate may be decided as the data rate of
demodulated data. As a result, decoded data storage section
204 may output decoded data with a wrong data rate with a
high error rate.

Furthermore, when decoded data in which no error is
detected has a higher error rate than decoded data in which
errors are detected, the decoded data in which errors are
detected shows a greater sum-of-product result (likelihood)
calculated by sum-of-product calculation section 207.

Thus, this embodiment decides data rates by also 1nclud-
ing decoded data 1n which errors are detected as the targets
of data rate decision.

Furthermore, the greater the error rate of decoded data,
the smaller the sum-of-product result (likelihood) calculated
by sum-of-product calculation section 207 becomes.
Moreover, 1t 1s extremely rare that no error 1s detected by a
CRC carried out by CRC section 203 1n decoded data with
a high error rate (about once every 1 to 100,000 times CRC
is carried out).

Thus, 1n order to decide whether or not the decoded data
1s decoded data 1n which errors are not detected despite the
high error rate, this embodiment sets a predetermined thresh-
old in the sum-of-product result (likelihood) so that it is not
until the sum-of-product result of the decoded data 1n which
no error 1s detected does not exceed this predetermined
threshold that the decoded data in which some errors are
detected 1s also included 1n the targets of data rate decision.

FIG. 17 1s a block diagram showing a configuration of a
decoding apparatus according to Embodiment 10 of the
present 1nvention. As shown 1n this figure, compared to the
decoding apparatus shown 1n FIG. 14, the decoding appa-
ratus according to this embodiment 1s constructed by further
including comparison section 501 that compares the maxi-
mum value of the sum-of-product result detected by data
rate decision section 208 with a predetermined threshold. By
the way, the same components in FIG. 17 as those 1n FIG.
14 are assigned the same reference numerals as those 1n FIG.
14 and detailed explanations thereof will be omitted.

In FIG. 17, CRC section 203 performs error detection on
decoded data of M types of data rates in T'TT units using error
detection codes such as CRC codes added to decoded data.
Then, CRC section 203 outputs the 1-TTI decoded data
together with data rate information and CRC result (that is,
“0” indicating that no error has been detected or “1” indi-
cating that an error has been detected) to decoded data
storage section 204. That 1s, decoded data storage section
204 stores all decoded data of M types of candidate data
rates 1rrespective of whether there 1s an error or not.

Coding section 205 recodes the decoded data in which no
error 1s detected by CRC section 203 out of the decoded data
stored 1n decoded data storage section 204 first, and then
outputs the data to data conversion section 206. Operations
of data conversion section 206 and sum-of-product calcu-
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lation section 207 are the same as those 1n Embodiment 7.
That 1s, first, a memory 1n sum-of-product calculation sec-
tion 207 stores the sum-of-product result calculated from the
decoded data 1n which no error 1s detected. Data rate
decision section 208 detects a maximum sum-of-product
result and outputs the maximum value to comparison section
S501.

Comparison section 501 compares the maximum value
detected by data rate decision section 208 with a predeter-
mined threshold, and when the maximum value exceeds the
predetermined threshold, comparison section 501 decides
that the CRC result 1s correct. That 1s, when the maximum
value exceeds the predetermined threshold, comparison sec-
tion 501 decides that the reliability of CRC 1s high and there
1s actually no error 1n the decoded data 1n which no error 1s
detected by CRC section 203. Then, comparison section 208
outputs a signal indicating that the maximum value has
exceeded the threshold to data rate decision section 208.
According to this signal, data rate decision section 208
decides the data rate corresponding to the maximum value as
the data rate of the demodulated data and outputs a data rate
control signal indicating the decided data rate to decoded
data storage section 204.

That 1s, when the maximum value of the sum-of-product
result calculated from the decoded data in which no error 1s
detected exceeds the predetermined threshold, that 1s, when
the reliability of CRC 1s high, the data rate 1s decided only
targeted at the decoded data 1n which no error 1s detected as
in the case of Embodiment 7.

On the other hand, when the maximum wvalue of the
sum-of-product result calculated from the decoded data in
which no error 1s detected 1s smaller than the predetermined
threshold, that 1s, when the reliability of CRC 1s low,
comparison section 501 decides that the decoded data cor-
responding to the maximum value 1s the decoded data in
which no error 1s detected despite the high error rate. In this
case, the data rate 1s decided by including the decoded data
in which errors are detected as the targets of data rate
decision.

That 1s, when the maximum value of the sum-of-product
result calculated from the decoded data in which no error 1s
detected 1s smaller than the predetermined threshold, com-
parison section 501 instructs coding section 205 to recode
the decoded data in which errors are detected by CRC
section 203 out of the decoded data stored 1n decoded data
storage section 204. According to this instruction, coding
section 205 recodes the decoded data 1n which errors are
detected and outputs to data conversion section 206. Opera-
tions of data conversion section 206 and sum-of-product
calculation section 207 are the same as those in Embodiment
/. This allows the memory in sum-of-product calculation
section 207 to store the sum-of-product calculated from the
decoded data 1n which errors are detected 1n addition to the
sum-of-product result calculated from the decoded data in
which no error 1s detected.

Thus, data rate decision section 208 detects the maximum
value of the sum-of-product result again not only targeted at
the decoded data 1n which no error 1s detected but also
targeted at the decoded data in which some errors are
detected. Thus, 1t 1s not until the sum-of-product result of the
decoded data 1n which no error 1s detected does not exceed
this predetermined threshold that the decoded data in which
some errors are detected 1s also mncluded as the targets for
data rate decision.

Then, data rate decision section 208 decides the data rate
corresponding to the maximum value as the data rate of the
demodulated data as 1s and outputs a data rate control signal
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indicating the decided data rate to decoded data storage
section 204. That 1s, when a data rate decision 1s made not
only targeted at the decoded data in which no error is
detected but also targeted at the decoded data in which some
errors are detected, comparison section 501 does not make
any comparison to prevent a case where all sum-of-product
results fall below the threshold, making it impossible to
decide data rates.

Thus, when the reliability of CRC 1s low, this embodiment
decides the data rate by including the decoded data 1n which
a CRC error 1s detected as the targets, and therefore this
embodiment can decide data rates accurately even 1f there
are errors 1n the CRC result.

Furthermore, according to this embodiment, it 1s not until
the sum-of-product result of the decoded data in which no
error 1s detected does not exceed a predetermined threshold,
that 1s, the reliability of CRC 1s low that the decoded data in
which some errors are detected 1s also included as the targets
for data rate decision, and therefore 1t 1s possible to drasti-
cally reduce the amount of processing and power consump-
tion required for data rate decision compared to a case where
a data rate decision 1s made targeted at decoded data with all
candidate data rates from the beginning.

By the way, the lower the threshold 1s set, the higher the
probability that a data rate decision will be made only
targeted at decoded data 1n which no error 1s detected. On the
contrary, the higher the threshold is set, the higher the
probability that a data rate decision will be made also
targceted at decoded data in which errors are detected.
Furthermore, when the reliability of CRC 1s high, it 1s only
necessary to make a data rate decision only targeted at
decoded data in which no error 1s detected. Therefore, to
place prime 1mportance on the CRC result, 1t 1s desirable to
set a lower threshold when the reliability of CRC 1s higher.
On the contrary, to place prime importance on the sum-of-
product result (likelihood), it is desirable to set a higher
threshold when the reliability of CRC 1s lower.
(Embodiment 11)

Generally, the better the reception quality of a signal, the
lower the bit error rate becomes. Moreover, the lower the bit
error rate, the lower the probability that no error will be
detected by a CRC despite the presence of errors. That 1s, the
lower the bit error rate, the higher the reliability of CRC.
Furthermore, an optimal value of a threshold set in com-
parison section 501 varies depending on the reliability of
CRC. That 1s, the optimal value of a threshold wvaries
depending on the reception quality of a signal.

Thus, this embodiment changes a threshold set 1n com-
parison section 501 according to the reception quality of a
signal. FIG. 18 1s a block diagram showing a configuration
of a decoding apparatus according to Embodiment 11 of the
present mvention. As shown 1n this figure, when compared
to the decoding apparatus shown 1n FIG. 17, the decoding
apparatus according to this embodiment 1s constructed by
further including reception quality measuring section 601
that measures the reception quality of demodulated data. The
same components in FIG. 18 as those in FIG. 17 are assigned
the same reference numerals as those 1n FIG. 17 and detailed
explanations thereof will be omitted.

In FIG. 18, reception quality measuring section 601
measures the reception quality of demodulated data. Here, a
case where an SIR (Signal to Interference Ratio) is measured
as the reception quality will be explained. Reception quality
measuring section 601 outputs a signal indicating the mea-
sured SIR to comparison section 501.

Comparison section 501 changes a threshold set 1n com-
parison section 501 according to the SIR measured by
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reception quality measuring section 601. That 1s, compari-
son section 501 lowers the threshold for a higher SIR (that
is, for higher reception quality). This allows an optimal
threshold to be set according to the reception quality, that is,
the reliability of CRC.

This embodiment has described the case where an SIR 1s
used as the reception quality, but the method of measuring
the reception quality 1s not limited to a particular one.

Thus, this embodiment adaptively changes the threshold
according to the reception quality and can thereby set an
optimal threshold according to the reliability of CRC. That
1s, by setting a lower threshold for higher reliability of CRC,
this embodiment can reduce an amount of processing and
power consumption required for data rate decision.
Furthermore, by setting a higher threshold for lower reli-
ability of CRC, this embodiment can perform data rate
decision with primary importance placed on the sum-of-
product result (likelithood). That is, even if the reliability of
CRC changes with time, this embodiment can make a
correct data rate decision with the least amount of process-
ng.

(Embodiment 12)

Here, a method of detecting a reference channel concern-
ing BTFD using restrictions on the BTFD described 1n the
3GPP standard 1TS525.212 ver3.4.0 1s proposed. This detec-
tion apparatus detects a channel that satisfies all the follow-
ing items (1) to (10) as the reference channel (Explicitly
Detected Channel) involved in rate decision. The channel
not mvolved 1n rate decision 1s a subordinate channel
(Guided Channel) and each subordinate channel 1s subordi-
nate to some reference channel and the data rate of the
subordinate channel 1s uniquely decided for the reference
channel.

(1) There is only one CCTrCH (Coded Composite Trans-
port CHannel).

(2) The number of bits included in CC'TrCH 1s 600 bits or
less.

(3) The number of TFClIs (Transport Format Combination
Indicators) is 64 or less.

(4) D'TX Position must be Fixed Position.

(5) For all reference channels, convolutional coding i1s
used.

(6) CRC exists in all Transport Blocks of all reference
channels.

(7) The number of reference channels is 3 or less.

(8) The number of Code Blocks of a reference channel is
1.

(9) The total number of all candidates reference channel
data rates (TF: Transport Format) is 16 or less.

(10) For all TrCHs subject to induction decision, there is
at least one TrCH used for induction.

However, the above-described 3GPP standard TS25.212
ver3.4.0 has no decision criteria on which channel BTFD 1s
carried out and there 1s no clear description on an algorithm
to decide the subordinate channel that 1s subordinate to each
reference channel when there 1s a plurality of reference
channels. Thus, there 1s a possibility of erroneously detect-
ing a relationship between a reference channel and subor-
dinate channel which are detected by the decoding
apparatus, which 1s expected to have an influence on the
reception performance such as BER (Bit Error Rate)
characteristic, etc.

Thus, Embodiment 12 will describe a decoding apparatus
and decoding method capable of properly detecting a refer-
ence channel and a subordinate channel which 1s subordinate
to each reference channel. To realize this, this embodiment
will further narrow down the range of candidate reference
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channels to which each subordinate channel 1s subordinate
based on candidate data rates of respective channels and the
number of candidate data rates and detect a reference
channel to which each subordinate channel 1s subordinate
taking 1nto account the TTI involved in the reference
channel, the number of candidate data rates (hereinafter
referred to as “number of TFs”), TTI of the subordinate
channel and the number of TFs.

FIG. 19 1s a block diagram showing a configuration of a
decoding apparatus according to Embodiment 12 of the
present invention. The decoding apparatus shown 1n FIG. 19
1s mounted on a communication terminal apparatus such as
a cellular phone 1n a CDMA-based mobile communication
system, for example. FIG. 20 illustrates an example of a
parameter value of each channel detected by the decoding
apparatus according to Embodiment 12 of the present inven-
tion.

This embodiment assumes that data sent from the other
end of communication 1s digital data “0” or “1” subjected to
error correcting coding with a predetermined code rate and
predetermined constraint length, subjected to interleaving
processing, and then spread and modulated and converted to
“1” or “~1”. This embodiment also assumes that the data rate
of the data to be sent is one selected from M (M: natural
number) types of data rates in TTI units before error
correcting coding 1s carried out on the data.

The decoding apparatus mn FIG. 19 1s mainly constructed
of BTFED decision section 701, reference channel detection
section 702 and subordinate channel detection section 703
and subordinate channel detection section 703 includes
subordinate channel candidate range narrowing section 751
and subordinate channel decision section 752.

BTED decision section 701 decides whether 1t 1s BTFD or
not based on parameter group A made up of the number of
CCTrCHs, the number of bits included in CCTrCH, the
number of TFCls and DTX Position and notifies an error
correcting decoding apparatus (not shown) of the decision.
That 1s, BTFD decision section 701 decides that BTFD 1s
carried out in the case where (1) to (4) of the restrictions on

BTEFD described 1 the 3GPP standard 1TS25.212 ver3.4.0
apply.

Reference channel detection section 702 detects a refer-
ence channel based on parameter group B made up of the
type of coding for each channel, the number of CRC bits and
the number of code blocks. That 1s, reference channel
detection section 702 detects a channel that meets (5), (6)
and (8) of the restrictions on BTFD described in the 3GPP
standard TS25.212 ver3.4.0 as the reference channel.

For example, 1n the case of FIG. 20, since Ch() and Ch3
meet all the above-described conditions, these are detected
as the reference channels, while Chl and Ch2 are detected
as subordinate channels because no CRC bit exists 1n chl
and Ch2.

Subordinate channel candidate range narrowing section
751 of subordinate channel detection section 703 narrows
down the range of candidate reference channels to which
cach subordinate channel 1s subordinate based on parameter
group C1 made up of a candidate data rate for each channel,
combination thereof and the number thereof. More
specifically, based on the principle that the data rate of a
subordinate channel 1s uniquely determined for a reference
channel, 1f the data rate of a subordinate channel changes
while the data rate of the reference channel does not change,
a theorem that the relevant subordinate channel 1s not
subordinate to the relevant reference channel 1s derived, and
therefore candidate channels subordinate to a reference
channel are detected by a process of elimination applying
this theorem.
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For example, 1n FIG. 20, when attention 1s focused on
reference channel Ch0 and subordinate channel Chl, if the
data rate of Ch0 1s TF0, the data rate of Ch1 must be TF0 and
if the data rate of Ch0 1s TF1, the data rate of Chl must be
TF0, and 1f the data rate of Ch0 1s TF2, the data rate of Chl
must be TF1. Therefore, there 1s a possibility that Chl may
be a channel subordinate to ChQ. Then,when attention is
focused on reference channel Ch3 and subordinate channel

Chl, 1if the data rate of Ch3 1s TFO, the data rate of Chl may
be TFO or TF1. Therefore, there 1s no possibility that Chl

may be subordinate to Ch3.

Thus, by narrowing down the range of candidate reference
channels to which each subordinate channel 1s subordinate
beforehand, it 1s possible to speed up detection of subordi-
nate channels which 1s subordinate to a reference channel.

Subordinate channel decision section 752 of subordinate
channel detection section 703 decides a reference channel to
which each subordinate channel 1s subordinate based on
parameter group C2 made up of TTI for each channel and the
number of TFs. That 1s, taking note of the fact that the
reference channel and the subordinate channel which 1s
subordinate thereto have the same TTI and that the number
of TFs of the reference channel 1s greater than the number
of TFs of the subordinate channels subordinate thereto,
subordinate channel decision section 752 decides whether
all these conditions are satisfied or not. Then, subordinate
channel decision section 732 detects a reference channel that
satisfies all the conditions as a channel to which the relevant
subordinate channel 1s subordinate.

For example, when attention 1s focused on reference
channel Ch{ and subordinate channel Chl in FIG. 20, both

ChO0 and Chl have a same TTI of 20 ms. The number of TFs
of Ch0 1s “3” and the number of TFs of Chl 1s “2”, and
therefore the condition that the number of TFs of Chl 1s
equal to or greater than the number of TFs of Chl 1is
satisfied. Therefore, 1t can be detected that Chl 1s a channel
subordinate to Chd.

Thus, focusing attention on the TTI of each channel and
the number of TFs, it 1s possible to properly detect a
reference channel to which each subordinate channel is
subordinate.

As 1s apparent from the above explanations, the present
invention can adaptively fit the amplitude width of a data
string to be normalized within an effective bit width,
improve the data rate decision accuracy, properly detect a
reference channel and detect a subordinate channel which 1s
subordinate to each reference channel, thus making 1t pos-
sible to reduce decoding errors.

By the way, 1t 1s possible to mount the decoding apparatus
according to each of the foregoing embodiments on a base
station apparatus or a communication terminal apparatus
that communicates with this base station apparatus used in
a radio communication system. When mounted, the decod-
Ing apparatus can improve the data communication quality
and voice quality, etc. 1n the base station apparatus or
communication terminal apparatus. The present invention 1s
not limited to the foregoing embodiments. The foregoing
embodiments can be 1mplemented, combined with one
another as appropriate.

The decoding apparatus of the present invention adopts a
configuration imncluding a reference value calculation section
that averages indices of data strings involved 1n normaliza-
tion and calculates a reference value, a normalization section
that makes a plurality of data strings expressed with different
indices have a common mdex based on the reference value
and an error correcting decoding section that carries out
error correcting decoding processing on the normalized data
string.
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The decoding apparatus of the present invention adopts a
confliguration 1ncluding a reference shift count calculation
section that uses the number of shifts of a data string
represented by a power of 2 as an index involved 1n
normalization, averages the number of shifts of the data
string and calculates a reference shift count, a normalization
section that makes data strings have a common shift count
based on the reference shift count and an error correcting,
decoding section that carries out error correcting decoding
processing on the normalized data string.

These configurations allow the amplitude width of a data
string to be normalized to be adaptively fitted within an
cifective bit width, thus preventing extreme underflow from
occurring 1n a high-speed fading environment, making it
possible to maintain the likelihood of the data string effec-
tively and improve the error correcting efficiency.

The decoding apparatus of the present invention adopts a
configuration wherein the normalization section performs
normalization by carrying out a right shift by a value
obtained by subtracting the reference shift count from the
shift count of the data string.

The decoding apparatus of the present invention adopts a
confliguration wherein the normalization section performs
normalization by carrying out a right shift by a second value
obtained by dividing by 2 a first value obtained by subtract-
ing the reference shift count from the shift count of the data
string.

The decoding apparatus of the present invention adopts a
conflguration wherein the normalization section performs
normalization by carrying out a right shift by a second value
obtained by dividing by 2 the first value obtained by
subtracting the reference shift count from the shift count of
the data string when the first value 1s O or greater and
performs normalization by carrying out a right shift by the
first value when the first value 1s smaller than O.

The decoding apparatus of the present invention adopts a
conflguration wherein the normalization section performs
normalization without shifting when a first value obtained
by subtracting the reference shift count from the shift count
of the data string 1s O or greater and performs normalization
by carrying out a right shift by a second value obtained by
dividing by 2 the first value when the first value 1s smaller
than O.

The decoding apparatus of the present invention adopts a
configuration wherein the normalization section performs
normalization by carrying out a right shift by a second value
obtained by dividing by 2 a first value obtained by subtract-
ing the reference shift count from the shift count of the data
string when the first value 1s equal to or greater than Y2 of a
limited bit width and performs normalization by carrying out
a right shift by the first value when the first value 1s smaller
than %2 of the limited bit width.

The decoding apparatus of the present invention adopts a
configuration wherein the normalization section performs
normalization without carrying out a shift when a first value
obtained by subtracting the reference shift count from the
shift count of the data string 1s equal to or greater than % of
a limited bit width and performs normalization by carrying
out a right shift by a second value obtained by dividing by
2 the first value when the first value 1s smaller than % of the
limited bit width.

These confligurations allow normalization processing to
be designed in such a way as to avoid underflow and
overtlow.

The decoding apparatus of the present invention adopts a
configuration including a first reference shift count calcula-
tion section that uses the number of shifts of a data string
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represented by a power of 2 as an index involved 1n
normalization, averages the number of shifts of the data
string 1n slot units after RAKE combining and calculates a
first reference shift count, a first normalization section that
makes data strings 1n slot units have a common shift count
based on the first reference shift count, a second reference
shift count calculation section that averages the number of
shifts of the data string 1n frame units output from this first
normalization section and calculates a second reference shaft
count, a second normalization section that makes data
strings 1n {frame units have a common shift count based on
the second reference shift count and an error correcting
decoding section that carries out error correcting decoding
processing on the data string output from this second nor-
malization section.

This configuration makes 1t possible to adaptively fit the
amplitude width of the data string to be normalized within
an ecffective bit width, prevent extreme underflow from
occurring 1n a high-speed fading environment, maintain the
likelihood of the data string and improve the error correcting
ciiiciency.

The decoding apparatus of the present invention adopts a
conflguration wherein the first normalization section per-
forms normalization by carrying out a right shift by a value
obtained by subtracting the first reference shift count from
the shift count of the data string in slot units.

The decoding apparatus of the present invention adopts a
conilguration wherein the second normalization section per-
forms normalization by carrying out a right shift by a value
obtained by subtracting the second reference shift count
from the shift count of the data string 1n frame units.

These configurations allow normalization processing to

be designed 1 such a way as to avoid underflow and
overtlow.

The program of the present invention implements a ref-
erence value calculation function that averages indices of a
data string involved 1n normalization and calculates a ref-
erence value, a normalization function that makes a plurality
of data strings expressed with different indices have a
common 1ndex based on the reference value and an error
correcting decoding function that carries out error correcting
decoding processing on the normalized data string.

The program of the present invention implements a ref-
erence shift count calculation function that uses the number
of shifts of a data string represented by a power of 2 as an
index 1nvolved 1n normalization, averages the number of
shifts of the data string and calculates a reference shift count,
a normalization function that makes data strings have a
common shift count based on the reference shift count and
an error correcting decoding function that carries out error
correcting decoding processing on the normalized data
string.

The program of the present mnvention implements a first
reference shift count calculation function that uses the
number of shifts of a data string represented by a power of
2 as an 1ndex involved 1n normalization, averages the
number of shifts of a data string 1n slot units after RAKE
combining and calculates a first reference shift count, a first
normalization function that makes data strings have a com-
mon shift count 1n slot units based on the first reference shift
count, a second reference shift count calculation function
that averages the number of shifts of the data string in
normalized frame units and calculates a second reference
shift count, a second normalization function that makes data
strings have a common shift count in frame units based on
the second reference shift count and an error correcting
decoding function that carries out error correcting decoding
processing on the data string over a plurality of normalized
frames.
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These programs make 1t possible to adaptively fit the
amplitude width of a data string to be normalized within an
ciiective bit width, thus preventing extreme underflow from
occurring 1n a high-speed fading environment, effectively
maintaining the likelihood of the data string and 1improving
error correcting efficiency.

The decoding method of the present invention includes a
reference value calculating step of averaging indices of a
data string ivolved in normalization and calculating a
reference value, a normalization step of making a plurality
of data strings expressed with different indices have a
common 1ndex based on the reference value and an error
correcting decoding step of carrying out error correcting
decoding processing on the normalized data string.

The decoding method of the present invention includes a
reference shift count calculating step of using the number of
shifts of a data string represented by a power of 2 as an index
involved 1n normalization, averaging the number of shifts of
the data string and calculating a reference shift count, a
normalization step of making data strings have a common
shift count based on the reference shift count and an error
correcting decoding step of carrying out error correcting
decoding processing on the normalized data string.

The decoding method of the present invention includes a
first reference shift count calculating step of using the
number of shifts of a data string represented by a power of
2 as an index ivolved in normalization, averaging the
number of shifts of a data string 1n slot units after RAKE
combining and calculating a first reference shift count, a first
normalization step of making data strings have a common
shift count 1 slot units based on the first reference shift
count, a second reference shift count calculating step of
averaging the number of shifts of a data string 1n normalized
frame units and calculating a second reference shift count, a
second normalization step of making data strings have a
common shift count in frame units based on the second
reference shift count and an error correcting decoding step
of carrying out error correcting decoding processing on the
data string over a plurality of normalized frames.

These methods make 1t possible to adaptively fit the
amplitude width of a data string to be normalized within an
clfective bit width, thus preventing extreme undertflow from
occurring 1n a high-speed fading environment, effectively
maintaining the likelihood of the data string and improving
error correcting efficiency.

The decoding apparatus of the present invention adopts a
configuration including a decoding section that decodes
demodulated data of a soft decision value after demodula-
tion and before decoding at a plurality of types of candidate
data rates, a likelihood calculation section that calculates
likelihood of the data rate for each data rate using the
decoded data decoded by the decoding section and the
demodulated data and a decision section that decides the
data rate with the highest likelihood as the data rate of the
demodulated data.

The decoding apparatus of the present invention adopts a
configuration wherein the likelihood calculation section
includes a coding section that recodes decoded data, a
conversion section that converts the recoded data according
to a data conversion performed on the other end of com-
munication and a sum-of-product calculation section that
calculates a sum of products of the value of the converted
data and the value of the demodulated data and then nor-
malizes the sum-of-product result at the data rate at the time
of decoding to calculate likelihood of the data rate.

These configurations calculate likelihood of each data rate
using a soft decision value and decoded data and decides the
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data rate with the highest likelihood as a correct data rate,
and can thereby make a decision on data rates with the
likelihood of the demodulated data taken into consideration
and significantly reduce the probability that the data rate will
be decided erroneously.

The decoding apparatus of the present invention adopts a
conflguration wherein demodulated data 1s an organizing
code made up of an information section and coding section,
and the likelihood calculation section 1includes an extraction
section that exftracts the information section from the
demodulated data, a conversion section that converts the
decoded data according to the data conversion performed on
the other end of communication and a sum-of-product
calculation section that calculates a sum of products of the
value of converted data and the value of the information
section and then normalizes the sum-of-product result at the
data rate at the time of decoding to calculate likelihood of
the data rate.

When the demodulated data 1s an organizing code, this
coniiguration decides the data rate according to the result of
a sum of products of the information section extracted from
the demodulated data and decoded data which 1s not sub-
jected to recoding, and therefore this configuration elimi-
nates the need for recoding processing which will result in
an extremely large amount of calculation, thus reducing an
amount of processing and power consumption required for
a data rate decision.

The decoding apparatus of the present invention adopts a
configuration 1ncluding a detection section that detects
whether decoded data contains an error or not using an error
detection code, wherein the likelihood calculation section
and the decision section perform processing only targeted at
decoded data 1n which no error 1s detected by the detection
section.

According to this configuration, decoded data 1n which
errors are detected through error detection 1s not subjected to
data rate decision processing, and therefore it 1s possible to
narrow down the range of candidates data rates before
carrying out the data rate decision processing and thereby
reduce an amount of processing and power consumption
required for data rate decision.

The decoding apparatus of the present invention adopts a
configuration 1ncluding a detection section that detects
whether decoded data contains an error or not using an error
detection code, wherein when errors are detected 1n decoded
data at all candidate data rates by the detection section, the
likelihood calculation section and the decision section per-
form processing targeted at the decoded data 1n which errors
are detected.

Even when errors are detected in decoded data at all
candidate data rates, this configuration decides the most
likely data rate using the decoded data in which errors are
detected, and therefore 1t 1s possible to prevent a data
irreproducible period from occurring 1 a communication
(e.g., voice communication) with a certain degree of toler-
ance for errors of decoded data.

The decoding apparatus of the present invention adopts a
configuration 1ncluding a detection section that detects
whether decoded data contains an error or not using an error
detection code and a comparison section that compares a
maximum value of the likelihood calculated from decoded
data 1n which no error 1s detected by the detection section
with a threshold, wherein when the maximum value 1s equal
to or smaller than the threshold, the likelihood calculation
section and decision section perform processing on all
decoded data decoded at a plurality of types of candidate
data rates.
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When the reliability of error detection 1s low, this con-
figuration decides data rates also including decoded data 1n
which errors are detected, and can thereby decide accurate
data rates even 1f the error detection result contains errors.
Moreover, 1t 1s not until the reliability of error detection
becomes low that decoded data 1n which errors are detected
1s also included as the data rate decision targets, and
therefore 1t 1s possible to drastically reduce an average
amount of processing and average power consumption
required for data rate decision compared to data rate deci-
sion targeted at the decoded data at all candidate data rates
from the beginning.

The decoding apparatus of the present invention adopts a
configuration wherein the comparison section reduces a
threshold as the reception quality of demodulated data
IMpProves.

This configuration adaptively changes a threshold accord-
ing to the reception quality, and can thereby set an optimal
threshold according to the reliability of error detection.

The decoding apparatus of the present invention adopts a
conflguration wherein when the decoding unit includes a
plurality of transport blocks, the detection section performs
error detection only on the last transport block out of the
plurality of transport blocks and when an error 1s detected in
the last transport block, the detection section considers that
all decoded data 1n the decoding unit contains errors.

When error correcting decoding 1s performed based on a
Viterb1 algorithm, there 1s a characteristic that the data in the
end section of the data string of the decoding unit has higher
decoding accuracy than the data in the leading section, and
this embodiment can thereby improve the reliability of error
detection. Furthermore, since error detection only needs to
be performed on the last transport block, this embodiment
can reduce the number of times error detection 1s performed.

The decoding apparatus of the present invention adopts a
conflguration wherein when the decoding unit includes a
plurality of transport blocks, the detection section considers
that all decoded data in the decoding unit contains errors
when errors are detected in more than half of the plurality of
transport blocks.

According to error detection (CRC) specified by a third-
generation mobile communication standard (3GPP), even an
error 1n 1 bit of data contained 1n a transport block may cause
an error to be detected 1n the transport block or on the
contrary, even if most bits contain errors, no error may be
detected 1n the transport block, and therefore this configu-
ration can 1mprove the reliability of error decision.

The decoding apparatus of the present invention adopts a
conflguration wherein when the decoding unit includes a
plurality of transport blocks and the detection section detects
errors 1n more than half of the plurality of transport blocks
and detects an error 1n the last transport block, the detection
section considers that all decoded data of the decoding unit
contains errors.

When error correcting decoding 1s performed based on a
Viterbi1 algorithm, this configuration can further improve the
reliability of error decision.

The decoding method of the present invention decodes
demodulated data of a soft decision value after demodula-
tion and before decoding at a plurality of types of candidate
data rates, calculates likelihood of the data rates using the
decoded data and the demodulated data for each of the data
rates and decides the data rate with the highest likelihood as
the data rate of the demodulated data.

This method calculates likelihood of each data rate using,
a soft decision value and decoded data and decides the data
rate with the highest likelithood as a correct data rate, and can

10

15

20

25

30

35

40

45

50

55

60

65

26

thereby decide the data rate with the likelihood of demodu-
lated data taken 1nto consideration and drastically reduce the
probability that the data rate will be decided erroneously.

The decoding apparatus of the present invention adopts a
configuration when a blind data rate decision 1s made,
including a reference channel detection section that detects
a channel that satisfies a predetermined first condition as a
reference channel and a subordinate channel detection sec-
tion that detects a subordinate channel which 1s subordinate
to the reference channel based on a predetermined second
condition.

The decoding apparatus of the present invention adopts a
configuration wherein the reference channel detection sec-
tion regards 1t as a first condition that convolutional coding
should be used, CRC bits should exist 1n all transport blocks
and the number of code blocks should be 1.

The decoding apparatus of the present invention adopts a
conilguration wherein in the subordinate channel detection
section, the reference channel and the subordinate channel
which 1s subordinate to the reference channel have the same
data transmission length and the number of candidate data

rates of the reference channel 1s equivalent to or greater than
the number of candidate data rates of the subordinate

channel which 1s subordinate to the reference channel.

These confligurations make it possible to accurately detect
a reference channel and a subordinate channel which 1s
subordinate to the reference channel.

The decoding apparatus of the present invention adopts a
configuration wherein the subordinate channel detection
section narrows down the range of candidate reference
channels to which subordinate channels are subordinate for
cach subordinate channel based on a predetermined third
condition and then detects subordinate channels which are
subordinate to the reference channel.

The decoding apparatus of the present invention adopts a
coniliguration wherein when the data rate of a subordinate
channel changes while the data rate of a reference channel
does not change, the subordinate channel detection section
regards it as a third condition that the subordinate channel
should not be subordinate to the reference channel.

These configurations make it possible to narrow down the
range of candidate reference channels to which subordinate
channels are subordinate beforehand, thus speeding up
detection of subordinate channels which are subordinate to
the reference channel.

The decoding method of the present invention adopts a
configuration wherein when a blind data rate decision 1is
made, a channel satisfying a predetermined first condition 1s
detected as a reference channel and a subordinate channel
which 1s subordinate to each reference channel 1s detected
based on a predetermined second condition.

This method makes it possible to accurately detect a
reference channel and a subordinate channel which 1s sub-
ordinate to each reference channel.

This application 1s based on the Japanese Patent Appli-

cation No. 2000-346131 filed on Nov. 14, 2000, the Japa-
nese Patent Application No. 2001-023713 filed on Jan. 31,
2001, the Japanese Patent Application No. 2001-031850
filed on Feb. 8, 2001 and the Japanese Patent Application
No. 2001-046559 filed on Feb. 22, 2001, entire content of

which 1s expressly incorporated by reference herein.
Industrial Applicability

The present invention 1s 1deally applicable to a base
station apparatus and communication terminal apparatus in
a radio communication system.
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What 1s claimed 1s:
1. A decoding apparatus comprising:

a reference shift count calculation section that uses the
number of shifts applied to each of a plurality of data
strings, whose values are each represented by a power
of 2, as an index 1nvolved 1n normalization, averages
the number of shifts applied to the plurality of data
strings, and calculates a reference shift count based on
the average number of shifts;

a normalization section that performs the normalization
by shifting each of the data strings based on the
reference shift count so as to provide each of the data
strings with a presumptively common exponent; and

an error correcting decoding section that carries out error
correcting decoding processing on the normalized data
strings.

2. The decoding apparatus according to claim 1, wherein
the normalization section performs the normalization on
cach data string by carrying out a right shift of the data string
by a value obtamned by subtracting the reference shift count
from the shift count corresponding to the data string.

3. The decoding apparatus according to claim 1, wherein
the normalization section performs the normalization for
cach data string by carrying out a right shift of the data string
by a second value obtained by dividing by 2 a first value
obtained by subtracting the reference shift count from the
shift count corresponding to the data string.

4. The decoding apparatus according to claim 1, wherein
the normalization section performs the normalization for
cach data string by carrying out a right shift of the data string
by a second value obtained by dividing by 2 a first value
obtained by subtracting the reference shift count from the
shift count corresponding to the data string when the first
value 1s 0 or greater and performs the normalization by
carrying out a right shift by the first value when the first
value 1s smaller than O.

5. The decoding apparatus according to claim 1, wherein
the normalization section performs the normalization for
cach data string without shifting the data string when a first
value obtained by subtracting the reference shift count from
the shift count corresponding to the data string 1s O or greater
and performs the normalization by carrying out a right shift
of the data string by a second value obtained by dividing by
2 the first value when the first value 1s smaller than O.

6. The decoding apparatus according to claim 1, wherein
the normalization section performs the normalization for
cach data string by carrying out a right shift of the data string
by a second value obtained by dividing by 2 a first value
obtained by subtracting the reference shift count from the
shift count corresponding to the data string when the first
value 1s equal to or greater than %2 of a limited bit width and
performs the normalization by carrying out a right shift of
the data string by the first value when the first value 1is
smaller than %2 of the limited bit width.

7. The decoding apparatus according to claim 1, wherein
the normalization section performs the normalization for
cach data string without shifting the data string when a first
value obtained by subtracting the reference shift count from
the shift count corresponding to the data string 1s equal to or
orcater than % of a limited bit width and performs the
normalization by carrying out a right shift of the data string
by a second value obtained by dividing by 2 the first value
when the first value 1s smaller than 2 of the limited bit

width.

8. A decoding apparatus comprising:

a first reference shift count calculation section that: (1)
uses the number of shifts applied to each of a plurality
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ol data strings, whose values are each represented by a
power of 2, as an index involved in normalization, (2)
averages the number of shifts, 1n slot units after RAKE
combining, applied to the plurality of data strings, and
(3) calculates a first reference shift count based on the
average number of slot unit shifts;

a first normalization section that performs first normal-
1zation by shifting each of the data strings 1n slot units
based on the first reference shift count so as to provide
cach of the first normalized data strings with a pre-
sumptively common exponent;

a second reference shift count calculation section that
averages the number of shifts, in frame units, applied to
the first normalized data strings and calculates a second
reference shift count based on the average number of
frame unit shifts;

a second normalization section that performs second
normalization by shifting the first normalized data
strings 1n frame units based on the second reference
shift count so as to provide each of the second normal-
1zed data strings with a presumptively common expo-
nent; and

an error correcting decoding section that carries out error
correcting decoding processing on the second normal-
1zed data strings.

9. The decoding apparatus according to claim 8, wherein
the first normalization section performs the first normaliza-
tion by carrying out a right shift of each of the data strings
by a value obtained by subtracting the first reference shift
count from the corresponding shift count of the data string
in slot units.

10. The decoding apparatus according to claim 8, wherein
the second normalization section performs the second nor-
malization by carrying out a right shift of each of the first
normalized data strings by a value obtained by subtracting
the second reference shift count from the shift count of the
corresponding first normalized data string 1n frame unaits.

11. A program that implements:

a reference shift count calculation function that uses the
number of shifts applied to each of a plurality of data
strings, whose values are each represented by a power
of 2, as an index mvolved 1n normalization, averages
the number of shifts applied to the plurality of data
strings, and calculates a reference shift count based on
the average number of shifts;

a normalization function that performs the normalization
by shifting each of the data strings based on the
reference shift count so as to provide each of the data
strings with a presumptively common shift count; and

an error correcting decoding function that carries out error
correcting decoding processing on the normalized data
strings.

12. A program that implements:

a first reference shift count calculation function that: (1)
uses the number of shifts applied to each of a plurality
of data strings, whose values are each represented by a
power of 2, as an index involved in normalization, (2)
averages the number of shifts, in slot units after RAKE
combining, applied to the plurality of data strings, and
(3) calculates a first reference shift count based on the
average number of slot unit shifts;

a first normalization function that performs first normal-
1zation by shifting each of the data strings 1n slot units
based on the first reference shift count so as to provide
cach of the first normalized data strings with a pre-
sumptively common shift count;




US 6,922,159 B2

29

a second reference shift count calculation function that
averages the number of shifts, in frame units, applied to
the first normalized data strings and calculates a second
reference shift count based on the average number of
frame unit shifts;

a second normalization function that performs second
normalization by shifting the first normalized data
strings 1n frame units based on the second reference
shift count so as to provide each of the second normal-
1zed data strings with a presumptively common expo-
nent; and

an error correcting decoding function that carries out error
correcting decoding processing on the second normal-
1zed data strings over a plurality of normalized frames.
13. A decoding method comprising;:

using the number of shifts applied to each of a plurality of
data strings, whose values are each represented by a
power of 2, as an index involved 1n normalization;

averaging the number of shifts applied to the plurality of
data strings;

calculating a reference shift count based on the average
number of shifts;

performing the normalization by shifting each of the data
strings based on the reference shift count so as to
provide each of the data strings with a presumptively

common exponent; and

carrying out error correcting decoding processing on the
normalized data strings.
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14. A decoding method comprising:

using the number of shifts applied to each of a plurality of
data strings, whose values are each represented by a
power of 2, as an index involved 1n normalization;

averaging the number of shifts, 1n slot units after RAKE
combining, applied to the plurality of data strings;

calculating a first reference shift count based on the

[

average number of slot unit shifts;

performing first normalization by shifting each of the data
strings 1n slot units based on the first reference shift
count so as to provide each of the first normalized data
strings with a presumptively common shift count;

averaging the number of shifts, 1n frame units, applied to
the first normalized data strings;

calculating a second reference shift count based on the
average number of frame unit shifts;

performing second normalization by shifting the first
normalized data strings in frame units based on the
second reference shift count so as to provide each of the
second normalized data strings with a presumptively
common exponent; and

carrying out error correcting decoding processing on the
second normalized data strings over a plurality of
normalized frames.
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